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- The Effect of\ Position and Format
on the’thficulty £ ASsessment Ekercises
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erlng and reportlng eduoational achlevement data that .are _\\

accurate representatlon of absoluté performance now:. ;.
, . 82% of the nation's nine-year-olds can: multlply

3 x\0 (NAEP, January:1975) oL Y v
- a precise representation of performance now, relative to -
ance three 'té seven years dgo:- e.gd.,.in 1973, 47%
of l7-year-olds knew the purpose df an electrical .transformer. -
. -, ,° This :X\a 13% decllne since 1969. (NAEP May 1975) : ..
' ’ <
The baseline meaggre of absolute performance must be reliable, C.
though not neces rily in the- accepted psychometric sense.* 1t may
‘be bettér to say that the measures must be "accurate.” A measurs .
may be reliable without being accurate: a scale that con51stently .
-adds ten pounds to one s -.weight may be perfectlY‘rellable. ¢ - :

"

For the relatiGe'change measures, reliable blases are unimpor-
tant, since the difference between two biased measures is thé same’
as the difference between two unblased measﬁrés, if the blas is
simply a coﬁstant that cancels out.  However, the bias in a measure-
'.."may also change ove¥ time. _Suppose, for example, one saw an 1ncrease
"of 2%! in 13-year-olds' performance on a certain readlng task
Suppose, however, that there was also a 6% decling ip ‘the non-response .
xgte. suppose, that is, that 6% more respondents were guessing |
* ' rathex than leaving the item blahk. Even if children could guess .
" | no better. than chance, . one ‘would expect 1.5% more children, on a T
four-alternathén;tem, to get the correct answer because of that ®
change in response “patterns. This would change a statistically ; o
. ’stable'2% improvement to ‘a non-significant .5% improvement. -,

-

s * . ! ot " - .
National -Assessment' has always ‘used an "I don't know" foil on .
all\cognltlve multlple-ch01ce items 'to discourage ‘tespondents from
qUe551ng Guessing not only_rnflates the estlmatlon at one, peint
in time' of ‘the percent of respondents who can’ 43 +the task, but ailso,
"a change’ in guessing behavior. (as illustrated aboye) can affect the
.interpretation of a change in percent of success over time. Unfor-
-.-'tunately,_the pattern of response to an "I don t‘know“ (IDK) foil

.

-

-
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. A 2% 1ncrease, 51nce there are 3 6 million 13- year-olds 1n ‘the .

natlon, means that 72,000 more chlldren can perform the reading I :
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" group. Inaccuracles due to 1nd1v1dual items and the examlnees
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can also differ for different groups. Sherman (1974) found that

some southeasterners, females, blacz ' and'rﬁral persons use the

IDK poorly. Thus the "I don't know! can contribute to biag in a.
measure at one point in time or change measures oyer tlme as much

as a differential tendency to omlt items.

- .

-

. Other potentlal sources of bias over time inclu a changes in
procedural matters,.such’'as training+r experiencé o e%st adminis-
trators, or school cooperatlon, or type of print use€d. in packages \
(test booklets), or the voice which reads _the exercises on tape. .

One of the most, serious potential sources™ of bias arises because
National Assessment releases some exercises for/publlcatron and
does not reuse them. The remaining unreleased, exercises are then
repackaged and' reassessed. for change. . “Since they have been .
repackaged, they are presented for the. second tlme\\n dlfferent
orders, different contexts, and different posltlons. Any of° these
variables may affect performance and thus either mask_ or exaggerate
the change in performance over time. . !

Thus,\Natlonal Assessment measures of change as well as
performance’ must be extremely accurate. From the first, Nation
Assessment has .devoted great resources to precise sampling desigh.
In the.last few years, it hag also begun»to devote resources t
locating. sources of non-sampllng error. % Many of these non-s
errors have been dismissed- as unlmportant on conwentional tedts.
Conventlonal .tests are collections of items, the sum of whlch is-
taken to mieasure a frather globally-defined trait--such as "intelligence"
or "arithmefiic achievement”—-and, thep only relative . to some norm

L

response to theh can, to some extent, be supposed, to average out in
the total score. Because of NAEP's- 1tem-by-1tem reportlng, théSe

errors once again become 1mportant.(‘q .. N .
Obzectlves. . C e s . e S
The purpose of the present study was to determlne the effect o

of tWwo sources of non sampling error: position in package (beglnnlng,
middle .or end of the assessment 1nstrument) and exercise format

.(multlple*cholce with'an "I dOn t .know" alternatlve, multiple choice

without IDK, and openrended).,,ObV1ously, posltlon in package is a
source of error that one cannot ellminate, .8ince some exerclse or

- .other always fnust be flrst, middle aor-last in a package. It is a

source of error that. can' be held constant over time, however, if it
is found to RHe 1mportant.: Further study of the' IDK ‘foil may show
¥hat it should be dropped (in. future item development. it cannot

suspected) ; replaced with' corréctions for guessing; retained; i

|
. be dropped from change exercises even though bias is strongly ) ?
1
.‘,'retalned but supptemented with correctidns for guesslng. The* j

present study can provide some data to answer these questlons,‘,_.‘_“ 2
however, it.must be emphaslzed that the present data were' all~” ‘
collected at one tlme and ‘SO qpestlons about change analyses cannot

- be fully answered. L, CL - \G

3 e, . ¢ e
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Methods and Data Source.."

N The present study was includéd in the 1973-74 assessment of
" Writing and Career and Occupatlonal Development. It is, therefore,
based on hational - probability samples of 2,500 9- year~olds, 13-year-.

plds or 17- -year- -olds for each item.

At each .age, nine different

and thus nine different samples of 2,500

\ Ppackages were involved,
respondents.  Each package was a block in the 33 balanced 1ncomplete

\were

*

.

'

\ilocks design used at each age. The three factors 'in the des1gn
, - exercise content - three different seience questions were
developed, such that exactly the same stem was used for both
multiple-choice and open-ended formats;
-\~ format - multiple choice w1th IDK, multaple w1thout IDK,

*\ 'and open-ended;" '

e posltlon in package - beg1nn1ng, mldd e, end .

ed three exerc1ses which
For

Ea of the nine packages cont
represented each content, each format and ‘each position.
example, ckage ‘#1 at agé 9-contained

1

Beginning

Exercise about blood
. circulation,,
. Multiple-choice
without IDK- - -

e

Middle

Exercise about
largest living
animal, g 5
Op%n-endgé

iR ' ‘4", .

End .

Exercise about
lightning and’
thunder, \
Multiple-choite
with IDK

'

]

See attachments l, 2, and 3 for the wordlng of the exerc1ses in
.the multlple -choice and IDK format. Attachments 1, 2, and 3 also
give the natiqnal percents for each foil (including IDK and'no
_response) for each exercise, format and posltloﬁ

b

Results. '
4 A\
The design was set up so that the\
for the main effects were unconfounded
actions were partially confounded.
of these block effects, a marker exercise was placed at the end of
+ each of the nine packages.
. . estimate of the sampling vaxiability; Jdt also contained variation
due;to the, accumulated effect of differing contexts of presentation,
since - the nine packages all contained different Writing and COD
eXerc1ses.
guestlons apotlit
- parts within blo
.of the five questlons—-was at least Somtrmes greater than the .
component due to the block effect. Thus tHe- block eﬁfect though -

L
v N Iy
v e \ ~
., .

with blocks, but all inter-

3

niadlng a map) The wvariance component due to

PEN

1

2Components of the interactions were calculated by the modular
arithmetic method described in Winer (1971, p. 606ff)

/

H‘ : ;5.~

analysis of variance estimates
To get some independent estimate

This marker exercise allowed an empirical

This marker exercise contained five parts (five different

-

s--that’ is, the natural varlatlon in the dlfflculty

“ Ir

R

e

e Y
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in some cases statistically Significant because of large sample.
Sizes, was very small compared to the normal variation among

exercises.
block erfects.

There is a second reason for disregarding pOSSible
Ingpection of tHe analysis of variance tables
(attachments 4, 5 and 6) shows that the mean sguares for cénfounded

interaction parts were about the same size as the mean squares for

the unconfounded interaction parts.
~ indicate that the main within blocks analysis can be interpreted

straightforwardly

r

4

Both of these pieces of evidence

\

, At all ages, there was a large main effect for exergise

contents=-which is simply to say that some questions were harder
There was also a main effect for-

than others.

age 9 was there a significant position effect

of-the—package exercises..

the first five minutes of testing.
content by format interactions, which can basically be interpreted

as .proving that some tasks are more difficult than others in the

open-ended format.

mat. Qnly a

‘It did not app
to be a fatigue effect, which ‘might be expected witH these young
children, but rather a disadvantage in performance to the beginning-
It should be noted that these beginning
exercises were never first in package, but Smely occurred within
Again at all ‘ages there were

» The significant format effect deserves ‘further discission.

Exhibit 1 displays the mean percent coxrect (averaged’ over the.
three positions) for each exerCise in each format at each age.

[

. Exhibit 1.

Means and Standard.Deviations (l

parentheses)

- for Three Different Formats of E erCises

e

-
\

Multiple Choice Open-Ended
: - IDK ¢+ IDK N\ .
Exercise # N C .
1" ~ 76.9 (1.80) |.68.9 (0.76) 52.6 (0.67)
Age 9 2 27.5 (2.07) 26.4 (4.74) 5.5 (0.75)
. 3 65.2 (1.61) 62.3 (1.37) 22.7 (2.15)
average* 56.51(1.83)*| 52.52(2.88)*| 26,91(1.87)*
1 47.4 (1.29) 41.0 (1.13) 3;257.8 (0.61) .
Age 13 2 59.1 (1.55) 58.6 (1.53) 2.9 (3.50)
3 .4 23.8 (0.53) 22.9 -(1.66) .| 10.7 (0.65)"
~average* 43.42(1.20)*[-40.86(1.45)* ] 16.44(2.08)%*
1 53.52(0.67) +| 44.8 (1.15) 3.5 ,(1\.00)
Age 177 . 12 72.7 (2.73) | 71.3 (0.49) | 48.9.(1.2%)
- -3 . 17.7 (2.22) 14.6 (1.06) 11.0 (0.4
average¥* - 47.96(2.06)* [ 43.57( -.94)* | 24.49(1.0L\*
overall A N - .
avégage* 45.65(13594) * é&.Gl(l.SS)t

49.30(1.74)*

' "
N

*Standard deviations

in the

f

.
s

of pooled within-cell variances. '

"avérage"

3

column are
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Tﬁe“bverall average (the last line in the table) showL a
+ difference between open-ended and multlple—éhOLCe format
,smaller-—but still statistically slgnlflcgpt '~~diffexe

the two multiple-choice formats. . Having the "I don'
. does reduce the overall, percent correct. Hay;ng the;
"slightly increase the varlance, but this eﬁperlment

sen51t1ve enough to detect it.* \ -2 N be

«< 5,

IIID

Importance of the Studx, . , ot o

»

- - - o — -

Thls is one of. a serieés of studles to locate sd
sampling errors in the estimates of performanCeeon
The goal is to increase the accuracy of basel@ne an

urce
sses
cha

Ta
large
s and a

ence between
krnow" foil

K" may

X A
s of non-
sment tagks.
nge estimates.

Considering thpt, -in the first assessment of changel in Science,
the average decllne in 9-year-olds'-performance was 1.8%; 'in 13s’',
1.9%; and in -17s', 2.3% (NAEP, Februar 975), it is opvious that
great precision. 1s requlred to detect ch R : .
v 4 ~

y This study has resulted in several furt ! estlgatmons.
Because of the’ stability of the small block' ) effect, NAEP
staff is now looking.at. methods of adjustlng sam ‘eights té

make packages more comparable. Because of 'some in
performance of IDK vs no-IDK multiple-choice exerci
continuing to'examine the use of item-scoring fo las 3
of correction-for~guessing technlques) as an altggnatlve
\ "I don't know" foil: These" investigations will hopefull

n51s ency in

staff is
ersions
o the

y lead to

_\ new technmgués for increasing the accuracy of ass ssment resqlts.

(% <

. °

- . _ 49.3 =~ 45.65
‘ _ L 1.74 . 1.94 _
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" Attachment 5. Analysis of Variance T\ab&ew_,é“i‘ Age 13 Design

- B . . -
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Attachment 6. Analysis of,ﬁariange Tablé for Age”lTLbesign
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